INTRODUCTION
Several forage grass species have been used for cattle pasture in Brazil. Among them, the Urochloa genus stands out due to its wide edaphoclimatic adaptability, high yield of dry phytomass and low plant health problems. Another important aspect of this genus is related to the high marketing of its seeds.
Brazil is the largest producer and exporter (40 countries) of tropical forage seeds in the world (Cardoso et al. 2014) . However, some factors inherent to forage seeds, such as dormancy (Binotti et al. 2014) or production technology, limit the achievement of high quality seeds.
Priming is an alternative to improve the performance of seeds that have germination problems, such as Urochloa brizantha seeds. This study aimed at evaluating the appropriate hydration period and chemical agents used for priming, via direct immersion, in the physiological quality and carbohydrate content of U. brizantha seeds. The experimental design was completely randomized, in a 3 x 4 factorial arrangement, with four replicates of each treatment, consisting of lower, median and higher hydration periods, in the phase II of the absorption curve, and agents used for priming: water, gibberellin, sucrose and antioxidant (riboflavin). Germination and vigor tests were carried out, as well as carbohydrate contents determination, in the seeds. It was observed that seeds hydrated in the lower period show higher physiological potential. Priming with gibberellin provides a greater seedling emergence, and with sucrose higher carbohydrate contents. Gomes-Filho 2010) seeds. Some authors have shown the benefits of priming in the Urochloa genus. Bonome et al. (2006) observed an increase in the root protrusion speed in U. brizantha seeds primed by soaking in aerated solution of KNO 3 , PEG 6000, or a combination of them, for a period of 12 h. Batista et al. (2016) found that the application of priming via direct immersion (hydration without aeration) of U. brizantha seeds for 2 h provides seeds with increased tolerance to artificial stress.
KEY-WORDS:
Information on the different periods of hydration via direct immersion without aeration, to establish the immersion time in the priming of seeds, are incipient for U. brizantha seeds, highlighting the need for studies in this area. The selection of the best priming agent is another crucial factor worth studying.
This study aimed at identifing the appropriate periods of hydration and suitable chemical agents for priming of U. brizantha seeds via direct immersion (hydration without aeration). The physiological quality of the seeds and their carbohydrate content were also evaluated.
MATERIAL AND METHODS
The experiment was conducted at the Universidade Estadual de Mato Grosso do Sul, in Cassilândia, Mato Grosso do Sul State, Brazil, between January and August 2014. U. brizantha (Brachiaria brizantha cv. MG-5) seeds from the 2013/2014 harvest were used. The initial physiological characteristics of the seeds were: water content = 14 %; first germination count = 2 %; total germination = 31 %; dormant seeds = 51 %; germination speed index = 0.89.
Prior to the application of different treatments, the seeds were submitted to chemical scarification with concentrated sulphuric acid (H 2 SO 4 ), for 5 min, to overcome physical dormancy. After that, the seeds were washed and placed in deionized running water and naturally dried for 24 h.
The experiment was installed in a completely randomized design, in a 3 x 4 factorial arrangement, with four replicates of each treatment. The first factor consisted of three periods: lower, median and higher hydration, in the phase II of the absorption curve ( Table 1 ). The second factor consisted of four different agents used in priming: water, gibberellin (GA 3 ; 0.5 mg L -1 ), sucrose (10 %) and antioxidant (riboflavin at 25 ppm).
Priming was carried out by hydration of seeds through direct immersion in 100 ml of each tested solution, in plastic containers allocated in an incubation chamber, at 25 ºC, without aeration. After priming, the seeds were dried at room temperature, for 24 h.
The hydration periods were determined from the absorption curves for water, sucrose, riboflavin and gibberellin (Table 1) . Three periods were established within the phase II of absorption for each curve: lower hydration period (after the start of phase II), median hydration period (at half of phase II) and higher hydration period (at the end of phase II).
After priming, the seeds were subjected to physiological tests and carbohydrate content determination.
The germination test was carried out with four subsamples of 50 seeds, distributed in plastic gerboxes, using as substrate blotting paper moistened with 2.5 times its mass. The counts were performed at 7 (first germination count) and 21 days (total germination) after sowing (Brasil 2009).
The germination speed index was calculated by the sum of the number of germinated seeds at each day, divided by the number of days between sowing and germination (adapted from Maguire 1962) .
For accelerated aging, a single layer of seeds was placed on the metal screen coupled to the gerbox, containing 40 ml of deionized water, and placed in a growth chamber for 72 h, at 42 ºC. After the aging process, seeds were sown in germination boxes and the germination count was carried out at 7 days after the test installation (Brasil 2009).
Seeds remaining from the germination test (viable and unviable) were evaluated by the tetrazolium test, according to a standard methodology for Urochloa (Brachiaria) seeds (Brasil 2009), which consists of counting the number of viable (dormant) and unviable seeds remaining from the germination test.
Seedling emergence was conducted in a greenhouse, with four subsamples of 50 seeds. The seeds were sown in trays containing vermiculite. The percentage of emerged plants at 7 days (first emergency count) was recorded up to the stabilization of their emergence, with a limit at 28 day after sowing (total emergence). The results were expressed in percentage of seedling emergence. The emergence speed index was calculated by the sum of the number of seedlings emerged at each day, divided by the number of days between sowing and emergence (adapted from Maguire 1962), up to the stabilization of the number of seedlings emerged, with a 28-days limit after sowing.
The dry phytomass of seedlings was randomly evaluated from 10 normal seedlings of each repetition from the emergence test. The seedlings were removed in a way that their root system was maintained intact, and subsequently washed and dried in a forced ventilation oven at 65 ºC, for 72 h. After drying, the samples were weighed in an analytical balance and values expressed in mg seedling -1 . To determine the carbohydrate content (free sugar and water soluble polysaccharides), 1 g of seeds was macerated with liquid nitrogen, until a thin powder was obtained. The extraction process was carried out using the method described by Bielski & Turner (1966) . For quantitative analysis of carbohydrates, the phenol sulphuric method described by Dubois et al. (1956) was used.
All data were analyzed through analysis of variance, using the F test. In case of significant differences between the treatments, the Tukey test at 5 % was applied (Banzatto & Kronka 2006) . For viable remaining seeds (dormants), the transformation was carried out using the root arc sine (x/100), for statistical purposes.
RESULTS AND DISCUSSION
A significant interaction between periods of seed hydration and products used for priming was verified for germination speed index, emergence speed index and accelerated aging ( Table 2 ).
The use of gibberellin for priming provided a higher germination speed, in relation to water (control), in the lower period. Dantas et al. (2001) obtained lower germination time in U. plantaginea seeds conditioned with GA 3 (0.250 mmol L -1 ), similarly to the results obtained in this study. The use of gibberellin in grasses stimulates the biosynthesis of the α-amylase hydrolytic enzyme, which breaks the storage polysaccharide (starch) necessary for the germination metabolism.
The lower hydration period provided the seeds a rapid emergence speed, and the use of gibberellin in the lower hydration period caused the highest A Averages followed by different and capital letters, in the rows, differ statistically from each other by the Tukey test, at 5 %. **, * and ns : significant at 1 % and 5 % and non-significant, respectively.
Hydration period
Agents ) in the substrate of super sweet corn seeds (Zea mays). They found an increased emergence speed index, when compared to the control (without gibberellin on the substrate).
By using gibberellin in priming, a higher tolerance to the stress caused by the artificial aging of hydrated seeds in the lower period was verified, with a gain of 12 % in the germination rate for hydrated seeds, in the higher period ( Table 2) .
According to the results, as the hydration period advanced, the physiological potential of the seeds decreased, as it can be seen by the decline of germination and increase of sensitivity to heat stress. This decrease in the physiological potential is associated with an increase of sensitivity to drying, as the germination process advances. According to Bewley & Black (1994) , the seeds tolerance to desiccation gradually decreases over the germination stages.
There was no interaction between the studied factors, regarding the first germination count, total germination, seeds remaining from the germination test (viable and dead), first emergence count and total emergence (Table 3) . For these variables, the factors were analyzed separately.
Lower and median hydration periods provided a greater percentage of germination and emergence at 7 days, in relation to the higher hydration period. A higher percentage of total germination was observed for hydrated seeds in the lower period (88 %), in relation to the ones hydrated in the higher period (82 %). These results indicate that the hydration of seeds by direct immersion without aeration, further from phase III of germination, provides better results for the physiological potential of U. Brizantha seeds.
In the higher hydration period, near the protrusion (growth), possibly the seeds were more conducive to factors that caused a lower percentage of germination, with a higher number of dormant seeds, in relation to the lower hydration period. Priming was carried out in direct immersion, in the absence of artificial aeration and without moving the soaking solution. Thus, the medium had little oxygen diffusion, because at hydration seeds increase their respiratory rate, requiring a higher concentration of oxygen in the seed, for the metabolic processes of carbohydrate oxidation. According to Marcos Filho (2015) , the absence or lack of oxygen favors the ethanol production in the cells, and this product is toxic to normal metabolism.
Therefore, the longer periods of hydration without aeration may affect the cell metabolism, because of the low performance of aerobic respiration. Respiration provides a greater amount of free energy for the production of higher amounts of protoplasm and cell wall, for the germination process, in addition to the production of secondary compounds that stimulate other metabolic pathways.
Gibberellin, which is a plant hormone that promotes seed germination (Cardoso 2013) , did not increase the germination rate. Corroborating this result, Batista et al. (2015) and Cardoso et al. (2015) A Averages followed by different letters, in the column, differ statistically from each other by the Tukey test, at 5 %. **, * and ns : significant at 1 % and 5 % and nonsignificant, respectively. , respectively, did not influence the germination and emergence of U. brizantha cv. MG-5 seeds. However, Silva et al. (2013) found an increase in the germination of U. brizantha cv. Marandu and MG-5 seeds, when using 62.14 mg L -1 and 56.87 mg L -1 of gibberellin, respectively. Vieira et al. (1998) point out the gibberellin acid as the most effective substance for breaking dormancy in U. brizantha seeds. However, the authors did not observe the maximum germination, granting it to some additional factor that is related to the overcoming of seed dormancy. In this study, gibberellin positively influenced the emergence, providing benefits to the U. brizantha cv. MG-5 seeds, evidenced by the increase in the number of emerged seedlings, in relation to other agents in the priming (Table 3) .
There was no interaction between hydration periods and substances used for priming, regarding the seedlings dry phytomass and carbohydrates content in the seeds (Table 4) . For these variables, the factors were analyzed separately.
A higher seedling dry phytomass with seed hydration was verified for the lower period. Regarding the substances tested, sucrose provided higher values, in relation to gibberellin (Table 4 ). The highest seedlings dry phytomass from hydrated seeds with sucrose occurred because it is a carbohydrate, which is an essential molecule for plant growth (Eveland & Jackson 2012) . The sucrose breakdown generates fructose and glucose, which influence directly the glycolytic pathway for energy production and secondary compounds for plant metabolism that can influence growth. According to Nelson & Cox (2011) , sucrose helps to provide the chemical energy necessary for the initial plant growth.
In relation to the carbohydrate content of U. brizantha seeds, it was verified that the increase in the hydration period provided, incrementally, a greater amount of free sugars content. This can be explained by the longer time available for hydrolysis of the seed reserve tissue. Hydration is important to initiate the seed metabolism, which is reduced under low water content (Table 4) .
The gradual increase of free sugar, as the hydration period advances, is due to the fact that the simplest carbohydrates (glucose and fructose hexoses) are required during the germination process for energy supply. Buckeridge et al. (2013) emphasize that, during germination, seeds use sucrose (glucose + fructose) and oligosaccharides of the raffinose series as the initial carbon source for respiration. Carbohydrates and the respiration process are important for the production of sugars, phytohormones and various hydrolytic enzymes.
The use of sucrose for priming provided the largest amount of free sugar and soluble polysaccharides in seeds, in relation to other agents, with 45.40 mg g -1 and 35.98 mg g -1 , respectively. The sucrose solution used for priming caused an increase in the amount of free carbohydrates present in the seeds (Table 4) .
The hydration of seeds with gibberellin also provided a higher content of free sugar in the seeds, if compared to the control (Table 4) . This is the result of the starch break down present in the reserve tissue A Averages followed by different letters, in the column, differ statistically from each other by the Tukey test, at 5 %. **, * and ns : significant at 1 % and 5 % and nonsignificant, respectively. Table 4 . Seedling dry phytomass, amount of free sugar and soluble polysaccharides, according to the hydration period and priming in Urochloa Brizantha seeds.
(endosperm), allowing a greater amount of free sugar. According to Guerra & Rodrigues (2013) , gibberellin induces the synthesis of hydrolytic enzymes, which act in the breaking of this reserve tissue. The largest free sugar content caused by immersion in a gibberellin solution, in relation to the control, may have resulted in a higher emergence of U. brizantha seedlings (Tables 3 and 4) . This is consistent with findings by Aragão et al. (2003) , which observed a higher activity of α-amylase in super sweet corn seeds (Zea mays) pre-soaked in GA 3 at 50 mg L -1 , which provides an increase in germination and vigor. CONCLUSIONS 1. The hydration of Urochloa brizantha seeds by direct immersion for a lower period of time (further from phase III of germination), without aeration, provides seeds with higher physiological potential; 2. The use of gibberellin in priming increases the seedlings emergence rate; 3. Sucrose application increases the carbohydrates concentration, during the germination of U. brizantha seeds.
